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In the title thioether dihydrate, C 18 H 10 Cl2N2S-2H2O, the S- 
bound quinolinyl residues are almost orthogonal, forming a 
dihedral angle of 72.36 (4)°. In the crystal, the four water 
molecules are connected via an eight-membered {■ ■ OH} 4 
synthon with each of the four pendent water H atoms 
hydrogen bonded to a pyridine N atom to stabilize a three- 
dimensional architecture. 

Related literature 

For background to the significant biological activities exhib- 
ited by quinoline derivatives, see: Natarajan et al. (2008). For 
an earlier synthesis, see: Surrey (1948). 




.2H 2 0 



Experimental 

Crystal data 

C ls H 10 Cl 2 N 2 S-2H 2 O 
M r = 393.27 
Monoclinic, P2Jn 
a = 7.8228 (2) A 
b = 11.5596 (3) A 
c = 19.2421 (13) A 
/3 = 97.384 (7)° 



V = 1725.60 (13) A 3 
Z = 4 

Mo Ka radiation 
fi = 0.51 mm -1 
T = 120 K 

0.07 x 0.07 x 0.03 mm 



Data collection 

Rigaku Saturn724+ diffractometer 
Absorption correction: multi-scan 

(CrystalClear-SM Expert; Rigaku, 

2011) 

r mi „ = 0.930, r m „ = l.ooo 

Refinement 

R[F 2 > 2a(F 2 )] = 0.027 
wR(F 2 ) = 0.076 

5 = 1.04 

3943 reflections 
238 parameters 

6 restraints 



Table 1 

Hydrogen-bond geometry (A, °). 



36518 measured reflections 
3943 independent reflections 
3512 reflections with / > 2a(I) 
R<„, = 0.029 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 0.46 e A~ 3 

Ap mi „ = -0.19 e A~ 3 



D-H- 


■A 




D-H 


H- ■ -A 


D-A 


D-H- - A 


OIW- 


-mw- 


■Nl 


0.85 (1) 


2.02 (1) 


2.8530 (15) 


171 (2) 


OIW- 


H2W- 


■02W' 


0.84 (1) 


1.94 (1) 


2.7723 (14) 


173 (2) 


02W- 


mw- 


■N2 


0.85 (2) 


2.01 (2) 


2.8429 (14) 


165 (1) 


02W- 


-H4W- 


■OIW" 


0.85 (1) 


1.94 (2) 


2.7683 (14) 


166 (2) 



Symmetry codes: (i) x - 



-y + 1, z - 1; (ii) -x + | y - 



Data collection: CrystalClear-SM Expert (Rigaku, 2011); cell 
refinement: CrystalClear-SM Expert; data reduction: CrystalClear-SM 
Expert; program(s) used to solve structure: SHELXS97 (Sheldrick, 
2008); program(s) used to refine structure: SHEEXE97 (Sheldrick, 
2008); molecular graphics: ORTEP-3 (Farrugia, 1997) and 
DIAMOND (Brandenburg, 2006); software used to prepare material 
for publication: publCIF (Westrip, 2010). 

The use of the EPSRC X-ray crystallographic service at the 
University of Southampton, England, and the valuable assis- 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: PK2399). 
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Comment 

Interest in the title compound, bis(7-chloroquinolin-4-yl)sulfide, crystallized as a dihydrate, rests with the biological 
activity of related quinoline derivatives, in particular against chloroquine-resistant malaria (Natarajan et al, 2008). 

In (I), Fig. 1, the dihedral angle between the two quinolinyl residues [r.m.s. deviation for the 10 atoms of the Nl- and 
N2-systems = 0.018 and 0.011 A, respectively] of 72.36 (4)° indicates an almost orthogonal relationship. 

The water molecules play a pivotal role in stabilizing the crystal structure, forming hydrogen bonds to each other and to 
the quinolinyl-N atoms, Table 1. The water- • water interactions each to eight-membered {•••OH} 4 synthons with each 
pendent water-H atom hydrogen bonded to a quinolinyl-N atom to stabilize a three-dimensional architecture, Fig. 2. 

Experimental 

A modification of a published procedure was adopted (Natarajan et al, 2008). A solution of 4,7-dichloroquinoline (0.5 g) 
in EtOH (20 ml) was heated to 323 K. Thiourea (0.20 g.) was added and the mixture was stirred for 5 min. and then 
cooled to room temperature. The white solid was filtered off and was extracted into 0.2 MNaOH solution. The 
precipitate, bis(7-chloroquinolin-4-yl)sulfide, was collected and recrystallized from EtOH as the dihydrate; M.pt. 436- 
439 K; lit. M.pt: 439^140 K (Surrey, 1948). 

Refinement 

The C-bound H atoms were geometrically placed (C — H = 0.95 A) and refined as riding with t/i SO (H) = 1.2[/ cq (C). The O 
— H atoms were located in a difference Fourier map, and were refined with a distance restraint of O — H = 0.84±0.01 A 
and with H— H = 1.39±0.03 A; their U iso values were constrained to 1.5C/ eq (0). 

Computing details 

Data collection: CtystalClear-SM Expert (Rigaku, 2011); cell refinement: CrystalClear-SM Expert (Rigaku, 2011); data 
reduction: CrystalClear-SM Expert (Rigaku, 2011); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); 
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEP-3 (Farrugia, 1997) and 
DIAMOND (Brandenburg, 2006); software used to prepare material for publication: publCIF (Westrip, 2010). 
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Figure 1 

The molecular structure of (I) showing the atom-labelling scheme and displacement ellipsoids at the 50% probability 
level. 




Figure 2 

A view in projection down the a of the unit-cell contents of (I). The O — H— O and O — H - N hydrogen bonds are shown 
as orange and blue dashed lines, respectively. 



7-Chloro-4-[(7-chloroquinolin-4-yl)sulfanyl]quinoline dihydrate 



Crystal data 

C 18 H 10 Cl 2 N 2 S-2H 2 O 
M T = 393.27 
Monoclinic, P2\ln 
Hall symbol: -P 2yn 
a = 7.8228 (2) A 
5= 11.5596 (3) A 
c = 19.2421 (13) A 



p= 97.384 (7)° 
V= 1725.60 (13) A 3 
Z = 4 

7^(000) = 808 

D x = 1.514 MgrrT 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 30445 reflections 
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9= 3.2-27.5° 
// = 0.5 1 mrrT 1 
T= 120 K 

Data collection 

Rigaku Satum724+ 

diffractometer 
Radiation source: Rotating Anode 
Confocal monochromator 
Detector resolution: 28.5714 pixels mm" 1 
profile data from co-scans 
Absorption correction: multi-scan 

(CrystalClear-SM Expert; Rigaku, 2011) 
T mm = 0.930,7^ =1.000 

Refinement 

Refinement on F 2 
Least-squares matrix: full 
RIF 2 > laiF 1 )] = 0.027 
wRiF 2 ) = 0.076 

5 = 1.04 

3943 reflections 
238 parameters 

6 restraints 

Primary atom site location: structure-invariant 
direct methods 



Chip, colourless 

0.07 x 0.07 x 0.03 mm 



365 1 8 measured reflections 
3943 independent reflections 
3512 reflections with I > 2a(I) 
R mt = 0.029 

^max 27.5 , 0 m [ n 3.2 

h = -10—10 
yfc = -15-> 15 
/ = -24—24 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H atoms treated by a mixture of independent 

and constrained refinement 
w = ll[a\F 2 ) + (0.04677 3 ) 2 + 0.5608P] 

where P = (F 0 2 + 2F 2 )/3 
(A/c7) max = 0.002 
Ap max = 0.46 e A~ 3 
A/w = -0.19e A" 3 



Special details 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; 
correlations between s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell s.u.'s is used for estimating s.u.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted 7?-factor wR and goodness of fit S are based on F 2 , 
conventional i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2a{F 2 ) is 
used only for calculating i?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based 
on F 2 are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


Tl *ITJ 

^iso / ^eq 


Cll 


0.85633 (5) 


1.32103 (3) 


0.808816 (19) 


0.03066 (10) 


C12 


-0.32119(4) 


0.87710(3) 


1.034518 (16) 


0.02406 (9) 


SI 


0.06139 (4) 


1.02020 (3) 


0.737790 (16) 


0.01827 (9) 


Nl 


0.52489 (13) 


1.07717 (9) 


0.61826 (5) 


0.0175 (2) 


N2 


0.23604 (14) 


0.80256 (9) 


0.93354 (5) 


0.0177 (2) 


CI 


0.39198 (17) 


1.01334(11) 


0.59386 (7) 


0.0189 (2) 


HI 


0.3906 


0.9805 


0.5485 


0.023* 


C2 


0.25041 (16) 


0.99018(11) 


0.63076 (7) 


0.0185 (2) 


H2 


0.1584 


0.9422 


0.6108 


0.022* 


C3 


0.24849 (15) 


1.03816 (11) 


0.69563 (6) 


0.0162 (2) 


C4 


0.38920 (15) 


1.10900(10) 


0.72461 (6) 


0.0153 (2) 


C5 


0.40017 (16) 


1.16405 (11) 


0.79070 (6) 


0.0182 (2) 
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TTf 

H5 


A 1 A "7 "7 

0.J077 


1 1 C/C'l 

1.1563 


A O 1 HC\ 

0.8179 


A ATI sfc 

O.Ozz* 




Co 


A C /I 1 £LA / 1 T\ 

0.:>41o4 (1 /) 


1.22826 (11) 


a o 1 /c 1 c in\ 
U. 51616 (/) 


O.OzOz (j) 




Ho 


0.M84 


1 o^/i A 
1.264U 


U.5609 


A AO A * 

0.0z4* 




C / 


o.o /oyy (lo) 


1 o A A/1 T /I n 

1.24U43 (11) 


A HH A AO tH\ 

0./ /495 (/) 


A AOAA 

O.OzOO (3) 




C8 


0.67128 (16) 


1 1 A 1 OH /l 1 \ 

1.19187 (11) 


A T1 A1 A / H \ 

0.71010 (7) 


A A 1 O C /T \ 

0.0185 (2) 




ho 


A H H^t A 

0. /o34 


1.Z031 


A £00 1 

O.osil 


A AT")* 

O.Ozz^ 




C9 


A C T /" 1 A /1 A 

0.52619 (16) 


1.12451 (10) 


0.68348 (6) 


A A 1 C /~ /1\ 

0.0156 (2) 




CIO 


A 1 'J ^T 1 / 1 C\ 

O.ljO/1 (lo) 


A AOOTO /1 A\ 

O.S08 /8 (10) 


A 01110 

0.81318 (o) 


A A 1 ZH /1\ 
0.0 1 J 1 (2) 




Cll 


U.zVzoi (loj 


A /I 1 \ 
O.OOZjSO (11) 


O.ozzoO (o) 


A A 1 If /OA 

0.01 ID (z) 




T T 1 1 

Hll 


0.3700 


A O O O A 

0.8880 


A TOOT 

0.7887 


A AT 1 sk 

0.021* 




C12 


Ail f no /i z:\ 
0.3J3VJ (lo) 


A O 1 ^AO /I 1\ 

0.81o03 (11) 


A OOTOI /T\ 

0.883^3 (/) 


A A 1 OA 

0.0180 (z) 




i_ri i 
H12 


A /I /I A O 
0.4448 


A HHQA 

0. / /o4 


A OOAO 

0.88V8 


A AO O * 

O.Ozz* 




C13 


A A7ATA /1 C\ 

0.07979 (15) 


a oncn /1 a\ 

0.85759 (10) 


A AT AHA / £\ 

0.92474 (6) 


A A 1 C O ZO\ 

0.0158 (2) 




C14 


— U.U2935 (16) 


A O /I O O £ /I 1 \ 

U. 54226 (11) 


0.9/ 115 (6) 


A A 1 O 1 /T* 

U.Ulsl (2) 




H14 


0.0063 


0.7951 


1.0169 


A AT T sfc 

0.022* 




C15 


— O.Isodz (lo) 


0.8SO / / (11) 


A ATA/1 A ( £.\ 

O.V /044 (o) 


A A 1 O/C ZO\ 
U.U156 (2) 




C16 


— U.z43oj (lo) 


O.Vo /Oj (11) 


A A 1 O/TA (H\ 

O.V izoy ( /) 


a a 1 m /'2^ 
U.Uly/ (3) 




i_ri £ 
H16 


A 1 CO. A 


1 AA/1 1 

1.0041 


A nAflf 


A AO /I * 

U.U24* 




C17 


A 1 /IA1 C / 1 £"\ 

—0.14015 (16) 


A AOO 1 /I / 1 1 \ 

0.98214 (11) 


A OjC 1 O O /T\ 

0.86128 (7) 


0.0187 (2) 




Hi / 


A 1 OOC 

—0.1 /o5 


1 AO AT 

1.U29 / 


A OT1 1 

U.5221 


A AOO * 

U.U22* 




Lis 


O.OzJoz (ID) 


a (mo^ ^1 a a 
U.Vz /V6 (1U) 


U.o655z (6) 


A A 1 /OA 
U.U155 (Z) 






U.otZoU 


1 08^1 8 iQ\ 
i .wo j i o \ y ) 


U.JOU4J ^o^ 


U.UZ / J ^Z f 




H1W 


0.7463 (16) 


1.0890 (16) 


0.5755 (10) 


0.041* 




H2W 


0.862 (2) 


1.0129 (9) 


0.5534 (10) 


0.041* 




02W 


0.41907(12) 


0.64316(8) 


1.02803 (5) 


0.02027 (19) 




H3W 


0.3515 (19) 


0.6916(13) 


1.0055 (8) 


0.030* 




H4W 


0.5009 (17) 


0.6346(15) 


1.0038 (8) 


0.030* 




Atomic displacement parameters (A 2 ) 




U n u 22 


U 33 


U 12 


U 13 


V 23 


Cll 


0.02726 (18) 0.02886 (19) 0.0343 (2) 


-0.01172(13) 


-0.00194(14) 


-0.00641 (14) 


C12 


0.02222(16) 0.03008(18) 0.02149(16) 


-0.00523 (12) 


0.00896 (12) 


-0.00083 (12) 


SI 


0.01414(15) 0.02233 (16) 0.01838 (16) 


0.00074(11) 


0.00224(11) 


0.00574(11) 


Nl 


0.0181(5) 0.0184(5) 


0.0162 (5) 


0.0031 (4) 


0.0028 (4) 


0.0020 (4) 


N2 


0.0176 (5) 0.0164(5) 


0.0184 (5) 


-0.0002 (4) 


-0.0002 (4) 


0.0014 (4) 


CI 


0.0206(6) 0.0213 (6) 


0.0146 (5) 


0.0025 (5) 


0.0017 (4) 


-0.0001 (5) 


C2 


0.0175 (6) 0.0192 (6) 


0.0179 (6) 


-0.0017 (5) 


-0.0014(5) 


0.0005 (5) 


C3 


0.0156 (5) 0.0166 (6) 


0.0166 (6) 


0.0013 (4) 


0.0024 (4) 


0.0042 (4) 


C4 


0.0164 (5) 0.0134(5) 


0.0159(5) 


0.0015 (4) 


0.0017 (4) 


0.0028 (4) 


C5 


0.0215 (6) 0.0171 (6) 


0.0163 (6) 


0.0009 (5) 


0.0034 (5) 


0.0012 (5) 


C6 


0.0262 (6) 0.0163 (6) 


0.0176 (6) 


0.0006 (5) 


0.0008 (5) 


-0.0004 (5) 


C7 


0.0189(6) 0.0151(6) 


0.0244 (6) 


-0.0022 (5) 


-0.0028 (5) 


0.0009 (5) 


C8 


0.0172 (6) 0.0165 (6) 


0.0219 (6) 


0.0005 (5) 


0.0026 (5) 


0.0038 (5) 


C9 


0.0171 (5) 0.0141 (5) 


0.0154 (5) 


0.0025 (4) 


0.0014 (4) 


0.0029 (4) 


CIO 


0.0168 (5) 0.0136 (5) 


0.0163 (5) 


-0.0020 (4) 


0.0002 (4) 


0.0003 (4) 


Cll 


0.0162 (6) 0.0187 (6) 


0.0180 (6) 


-0.0006 (5) 


0.0033 (4) 


0.0000 (5) 


C12 


0.0157 (6) 0.0169 (6) 


0.0209 (6) 


0.0009 (4) 


0.0007 (4) 


0.0002 (5) 


C13 


0.0165 (6) 0.0139 (5) 


0.0166 (6) 


-0.0027 (4) 


0.0007 (4) 


-0.0018(4) 


C14 


0.0210 (6) 0.0163 (6) 


0.0165 (6) 


-0.0040 (5) 


0.0011 (5) 


0.0001 (4) 



Acta Cryst. (2012). E68, o1 1 1 7 



sup-4 



supplementary materials 



V^l J W.UI7J \\J) 


0 0106^6"! 0 0177^ 
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U.UUJO \ J ) 


U.UU J J 1 J 1 
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119.00 (11) 


XT 1 P 1 T T 1 

JN 1 — CI — Hi 


inn 
11 /.9 


Clu — Cll — Hll 




1 OA C 

lz0.5 


po p 1 t t 1 

C2 — CI — HI 


inn 

117.9 


ni 1 TT11 

C12 — Cll — Hll 




1 OA C 

120.5 


C3 — C2 — CI 


110 O O / 1 ON 

118.82 (12) 


XT'"! Z' ' 1 O ' 1 1 

N2 — Cl2 — Cll 




124.59 (11) 


L3 — Lz — Hz 


1 OA £L 

120.6 


XTi no tti n 

Nz — L 1 z — H 1 z 




iinn 

117.7 


LI — Lz — Hz 


120.6 


pi 1 rin TT1 1 

Lll — Liz — Hlz 




iinn 

117.7 


C2 — C3 — C4 


1 1 A /I 1 / 1 1 \ 

119.41 (11) 


N2 — C13 — C14 




1 1 n /"O 

117.68 (11) 


C2 — C3 — S 1 


110 A A f 1 A\ 

118.44 (10) 


XT1 nn p 1 0 

Nz — L13 — L18 




lzz.93 (11) 


C4 — C3 — S 1 


111 r\r% /r\\ 

121.92 (9) 


C14 — C13 — C18 




11A TO /I 1 \ 

119.39 (11) 


C:> — C4 — C9 


110 "7 A /I 1 \ 

lis. /(J (11) 


pi f ni j pn 

CI j — C14 — C13 




119. 3Z (11) 


C5 — C4 — C3 


1 O .-1 O /I /1 1 \ 

124.34 (11) 


C15 — C14 — H14 




120.2 


C9— C4— C3 


116.96 (11) 


C13— C14— H14 




120.2 


C6— C5— C4 


121.20(12) 


C14— C15— C16 




122.06(11) 


C6— C5— H5 


119.4 


CI 4— CI 5— C12 




119.77(10) 


C4— C5— H5 


119.4 


CI 6— CI 5— C12 




118.18 (10) 


C5— C6— C7 


118.95 (12) 


C17— C16— C15 




119.09(12) 


C5— C6— H6 


120.5 


C17— C16— H16 




120.5 
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C7 — Co — H6 


120.5 


C 1 5 — C 1 6 — H 1 6 


120.5 


pi ( > pi ^ 

C8 — C7 — Co 


122.35 (12) 


/—i 1 S~ y— i 1 ^7 /—I 1 O 

Cl6 — Cl7 — Cl8 


121.12 (12) 


/-io /-in p 1 1 

C8 — C7 — Cll 


i i a C 1 / 1 A \ 

119.53 (10) 


/- ■> i /- pn tti n 

C16 — C17 — H17 


1 1 A /I 

119.4 


p /- pn p 1 1 

Co — C7 — Cll 


1 1 o 1 i / 1 a\ 

118.12 (10) 


pi o pn tii 7 

C18 — C17 — H17 


1 1 A A 

119.4 


C7— C8— C9 


119.17(11) 


C17— C18— C13 


118.82(11) 


C7— C8— H8 


120.4 


C17— C18— C10 


123.85 (11) 


pp\ rin T TO 

C9 — C8 — H8 


120.4 


pn pi o pi/\ 

C13 — C18 — C10 


117.33 (11) 


N 1 — C9 — C8 


117.56 (11) 


T T 1 117 /— \ HIT 

H 1 W — 0 1 W — H2 W 


1 AO C / 1 T\ 

108.5 (17) 


XT1 P (\ P /I 

N 1 — C9 — C4 


lzz.86 (11) 


TJ^WT /~\^\\7 TJAWT 

H3W — 02W — H4W 


1 AC 1 / 1 C\ 

105.2 (15) 


C8 — C9 — C4 


1 i r\ r Pl /I 1 \ 

119.59 (11) 






/-i f \ XT1 i~ i 1 P" 1 

C9 — Nl — CI — C2 


A 1 O / 1 A \ 

-0.18 (19) 


/—i O C 1 1 /—i 1 A P "• 1 1 

C3 — SI — C10 — Cll 


1/1 1") /1^1\ 

-14.13 (12) 


N 1 — C 1 — C2 — C3 


1.1 (2) 


C3 — SI — C10 — C18 


1 /CO C /A\ 

168.56 (9) 


C 1 — C2 — C3 — C4 


A /" 1 / 1 0\ 

-0.61 (18) 


/— " 1 O p 1 A PI 1 /" ill 

C18 — C10 — Cll — C12 


A 1/1 /I 0\ 

-0.14 (18) 


C 1 — C2 — C3 — S 1 


I n ) AA / A\ 

174.00 (9) 


Pi 1 /~ 1 1 A y" i 1 1 y— 1 1 ^ 

SI — CIO — Cll — Cl2 


1 T7 A Pt / PI \ 

-177.40 (9) 


p i n ci 1 p i p ^ 

C 1 0 — S 1 — C3 — C2 


1 1 p c /i / 1 a\ 

116.54 (10) 


/—i 11 Ml /—i 1 '"1 /— i 1 1 

C 1 3 — N2 — C 1 2 — C 1 1 


A O /I 0\ 

-0.28 (18) 


Pi a ci pi p a 

C 1 0 — S 1 — C3 — C4 


/TO nn / 1 1 \ 

-68.99 (11) 


p 1 A PI 1 P 1 O XTO 

C 1 0 — C 1 1 — C 1 2 — N 2 


n ro pj n\ 

0.63 (19) 


f • ~\ /""I ^ g~\ A /-IP 

C2 — C3 — C4 — C5 


179.25 (12) 


C 1 2 — N2 — C 1 3 — C 1 4 


1 ~7 A 1 A /1 1 \ 

179.10 (11) 


S 1 — C3 — C4 — C5 


4.83 (17) 


y— ' 1 1 '-\ \TA y— 1 1 ^> y— 1 1 o 

C 1 2 — N2 — C 1 3 — C 1 8 


a r a / 1 n\ 

-0.54 (17) 


C2 — C3 — C4 — C9 


-0.62 (17) 


\Ti p \ -) p i ^ p 1 P 

N2 — C 1 3 — C 14 — C 1 5 


1 T A AH / 1 1 \ 

179.97 (11) 


C 1 /~i ") /"i /i /-in 

S 1 — C3 — C4 — C9 


1 1C AT / A\ 

-175.03 (9) 


p 1 O PI 1 p 1 /I p< 1 c 

C 1 8 — C 1 3 — C 1 4 — C 1 5 


A 1 H / 1 0\ 

-0.37 (18) 


/-1A P /I /"If /-I/" 

C9 — C4 — C5 — Co 


'"t A A / 1 0\ 

-2.04 (18) 


p I -t p 1 /i PIC P1/" 

C13 — C14 — C15 — C16 


A /IP /I A\ 

-0.46 (19) 


C3 — C4 — C5 — Co 


178.10 (12) 


y— i 1 1 /— i 1 /I y— ' 1 /— 11 1 

C13 — C14 — C15 — C12 


1 1 Pl On /A\ 

179.87 (9) 


p A P C P "* / /*1'7 

C4 — C5 — Co — C7 


A O A i 1 A \ 

0.84 (19) 


P 1 A P 1 C P 1 /" P 1 T 

C14 — C15 — C16 — C17 


A O C / 1 A \ 

0.85 (19) 


p c P /_ p -7 rio 

C5 — Co — C7 — C8 


A A/. /1 A\ 

0.96 (19) 


pin pic p i /_ pit 

C12 — C 1 5 — C 1 6 — C 1 7 


1 Trt /IT / 1 A\ 

—179.47 (10) 


t~ • r /—i / p n /—ill 

C5 — Co — C7 — Cll 


1 nA OA /1A\ 

-179.30 (10) 


P 1 C P 1 P 1 T P 1 O 

C15 — C16 — C17 — C18 


A 1 A / 1 A\ 

-0.39 (19) 


y— 1 z' p m pi o p ia 

Co — C7 — C8 — C9 


-1.46 (19) 


/— 1 1 P P i 1 ^7 y— 1 1 O pi 1 1 

C16 — C17 — C18 — C13 


A /I 1 / 1 0\ 

-0.41 (18) 


/-ii i p "7 rin /— 1/~\ 

Cll — C7 — C8 — C9 


1 n 0 OA / A\ 

178.80 (9) 


P 1 /" P 1 T P 1 O P 1 A 

C16 — C17 — C18 — C10 


1TAA1 / 1 ^\ 

179.01 (12) 


P i XT 1 PA /-in 

CI — Nl — C9 — C8 


179.02 (11) 


XT'") P 1 1 P10 P1T 

N 2 — C 1 3 — C 1 8 — C 1 7 


1 CH / 1 1 \ 

-179.57 (11) 


P i 1 X T 1 PI A /"I ,-f 

CI — Nl — C9 — C4 


-1.18 (17) 


pi 1 H /— i 1 -> pi 1 o pi 1 >~l 

Cl4 — Cl3 — Cl8 — Cl7 


A OA / 1 >1\ 

0.80 (17) 


a ps pq xri 


1 sn no r 1 1 \ 


XT9 P 1 1 P 1 8 P 1 n 


yJ.y 1 \i 1 ) 


C7— C8— C9— C4 


0.20 (18) 


C14— C13— C18— C10 


-178.66 (11) 


C5— C4— C9— Nl 


-178.29 (11) 


Cll— C10— C18— C17 


179.98 (12) 


C3— C4— C9— Nl 


1.58 (17) 


SI— C10— C18— C17 


-2.57(16) 


C5— C4— C9— C8 


1.50(17) 


Cll— C10— C18— C13 


-0.59(17) 


C3— C4— C9— C8 


-178.63 (11) 


SI— C10— C18— C13 


176.86 (9) 


Hydrogen-bond geometry (A, °) 


D—R-A 


D — H 


H-A D-A 


D—R-A 


oiw—mw-m 


0.85 (1) 


2.02 (1) 2.8530 (15) 


171 (2) 


OIW—R2W02W 1 


0.84 (1) 


1.94(1) 2.7723 (14) 


173 (2) 


02w— mw-m 


0.85 (2) 


2.01 (2) 2.8429 (14) 


165 (1) 


02W— H4fT-01fP 


0.85(1) 


1.94 (2) 2.7683 (14) 


166 (2) 



Symmetry codes: (i) x+l/2, -y+3/2, z-1/2; (ii) -x+3/2, y-1/2, -z+3/2. 
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